The phylogeny of Rosoideae was investigated using 44 species. Here we report new sequence data from the chloroplast trnL/F region as well as an increased sample of species. The analysis of these new data, along with previously used data from the nuclear ribosomal internal transcribed spacers (ITS), significantly increased resolution as well as confidence for Rosoideae phylogeny. Using both Bayesian inference and parsimony methods, we conducted analyses on the data sets separately and in combination. The resulting phylogenies are congruent with all well-supported clades of Rosoideae found in previous analyses of ITS or rbcL data. The support for these and other clades is improved, and we consider several clades to be supported well enough to be named. The following clades are given phylogenetic definitions: Sanguisorbeae and its subclades Agrimoniinae and Sanguisorbinae, Potentilleae and its subclades Fragariinae and Potentilla, Roperculina (Rosa + Sanguisorbeae + Potentilleae), and Sanpotina (Sanguisorbeae + Potentilleae). Potentilla includes the Potentilla anserina clade (Argentina) in our trnL/F and combined analyses, but this relationship is not resolved by ITS alone. The previously used genera Duchesnea (Potentilla indica), Horkelia, and Ivesia are strongly supported as nested within Potentilla. Comarum (Potentilla palustris and Potentilla salesowianum), Sibbaldiopsis (Potentilla tridentata), Dasiphora (Potentilla fruticosa), and Drymocallis (Potentilla arguta) join Alchemilla, Aphanes, Sibbaldia, Chamaerhodos, and Fragaria in the well-supported Fragariinae clade outside of Potentilla. The monophyly of both Potentilleae and Sanguisorbeae is well supported, and the clades correspond to previously named tribes with the exception of Alchemilla and its segregate Aphanes, which are nested within Potentilleae instead of in Sanguisorbeae. The position of Rubus is still not securely resolved.
Introduction
The monophyly of Rosoideae was first established by Morgan et al. (1994) . They analyzed chloroplast rbcL sequences and found good support for a first phylogenetic split in a monophyletic Rosaceae. One of the two main branches in this first split was a Rosoideae from which a few groups had been removed as compared to previous classifications (Focke 1894; Schulze-Menz 1964; Robertson 1974) . Traditional classifications of Rosaceae mainly used fruit morphology as a primary defining criterion, and the standard view of the subfamily Rosoideae was that it comprised those members of Rosaceae with achenes or drupelets. It turned out that the removal of some groups from Rosoideae actually was more in line with other data, such as chromosome base numbers and chemistry, rather than with general fruit classification (Morgan et al. 1994 ). Here we use the name Rosoideae for this reduced clade.
The first study to explore the phylogenetic relationships within the Rosoideae used nuclear internal transcribed spacers 1 Author for correspondence; e-mail torsten.eriksson@bergianska.se.
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(ITS) sequence data (Eriksson et al. 1998) , which were correlated with some morphological data (Vretblad et al. 1996) . The main goal was to investigate the monophyly of Potentilla, which had a complex classification history and which was suspected to be paraphyletic. In particular, the relationships of several potential segregates from Potentilla were of interest. These segregates displayed shared morphological similarities, some with each other and some with Potentilla species. For instance, Duchesnea and Fragaria share remarkably similar pseudo fruits ("strawberries") and at the same time have shoot and flower characteristics that are distinctive for different groups of Potentilla. The results from that analysis showed Potentilla, as treated in any previous classification, to be paraphyletic or polyphyletic. Several clades of Rosoideae were well supported while others were only weakly supported and perhaps spuriously resolved (Eriksson et al. 1998) .
For a more secure hypothesis of phylogeny in Rosoideae, we have expanded the data set to include more taxa and more data; specifically, we have examined new sequences of the trnL/F region of chloroplast DNA. Here we present the results of this expanded analysis.
Rosoideae in its wider sense was previously classified into 198 INTERNATIONAL JOURNAL OF PLANT SCIENCES several tribes: Rubeae, Roseae, Ulmarieae, Dryadeae, Sanguisorbeae (or Poterieae), and Potentilleae (Hutchinson 1964) . The first three groups are reasonably well diagnosed morphologically and are probably monophyletic. Rubus was shown to be monophyletic with Dalibarda included (Alice and Campbell 1999) or as sister to Rubus (chloroplast DNA; L. A. Alice, personal communication) . The former case implies that Rubus and Rubeae may be phylogenetically synonymous, i.e., two different names for the same clade. There are indications that Roseae and Ulmarieae may be similar cases (Morgan et al. 1994; T. Eriksson, unpublished data) . Dryadeae, however, was shown to be a polyphyletic assemblage, and Dryas-along with Purshia, Cowania, and Cercocarpus-at present are not considered to belong to Rosoideae (instead they form a separate clade; Morgan et al. 1994; Swensen and Mullin 1997) .
A recent parsimony analysis of chloroplast DNA sequences gave weak support for Dryadeae as the first clade to split off the rest of Rosaceae (Potter et al. 2002) . The exact position of Dryadeae in Rosaceae is not known, however, except that it is not within the clade Rosoideae, and we do not include it in this analysis. The remnants of Dryadeae, which do belong in Rosoideae, are currently under investigation (Smedmark and Eriksson 2002; Smedmark et al. 2003) . The monophyly of the last two major groups, Sanguisorbeae and Potentilleae, has so far not been well documented. On the contrary, some analyses have indicated, albeit weakly, that Sanguisorbeae as well as Potentilleae might be polyphyletic (Eriksson et al. 1998) . Hence, the main focus of this article is on investigation of the possible monophyly and the relationships between Sanguisorbeae and Potentilleae.
Material and Methods

Selection of Taxa
We used a simlar set of taxa as in Eriksson et al. (1998) : a representative selection of Rosoideae with an emphasis on Potentilla and segregates from Potentilla. Some additions were made (1) in some groups, especially the Sanguisorbeae, to test their monophyly; (2) in regions of the tree where long branches might be suspected to interfere with analysis; and (3) where a too meager sampling of species might cause spurious resolution. In total, 13 species were added (table 1) .
Four species were exchanged: Filipendula ulmaria to vulgaris, Sanguisorba parviflora to officinalis, Waldsteinia fragarioides to geoides, and Fragaria ananassa to virginiana. In the first three cases the switch was motivated by an intent to use type species where available, and in the last case we switched because of the availability of wild collected material. Two species were removed from all or some analyses because we failed to get good sequences from the trnL/F region: Potentilla erecta and Hagenia abyssinica.
The ITS region was resequenced for five species in the present analysis because those previous sequences included many uncertain base scorings (Fragaria vesca, Potentilla anserina, Aphanes arvensis, Potentilla palustris, and Potentilla indica). Originally, DNA had been extracted from herbarium material of these species, but we now had access to fresh material.
Five sequences were published elsewhere (Helfgott et al. 2000; Smedmark and Eriksson 2002) . Previous analyses using rbcL and ITS data gave good support for Filipendula as the sister group of the rest of Rosoideae (Morgan et al. 1994; Eriksson et al. 1998) . In order to reduce problems of alignment, we removed the two non-Rosoideae species used in the analysis of Eriksson et al. (1998) -specifically, Dryas octopetala and Prunus cerasifera-and we rooted our trees on the Filipendula branch.
Molecular Markers and Methods
Concerted evolution of ribosomal DNA repeats (including the ITS region) may be a problem if there are instances of allopolyploid speciation within the group (Wendel et al. 1995) . Such problems might be avoided by choosing only diploid species. However, we were not able to select only diploid species, and there is a risk that some relationships among close relatives reflected in the ITS data may be erroneous. Despite this potential problem, ITS is generally considered to be of great utility for phylogenetic analysis among closely related species (Baldwin 1992; Baldwin et al. 1995) , and we wanted to expand the existing sample of Rosoideae ITS sequences. Furthermore, with the addition of chloroplast DNA sequences, maternally inherited data were made available for comparison. The new ITS sequences were amplified as previously (Eriksson et al. 1998) , except that the ITS-I primer of Urbatsch et al. (2000) was used instead of ITS5 (White et al. 1990 ).
We selected the trnL/F region of chloroplast DNA, which has been shown to be informative among closely related species (Wikströ m et al. 1999) , albeit less variable than ITS. Using the c-f primer pair of Taberlet et al. (1991) , we amplified a segment containing the spacer between trnL and trnF and the intron in trnL. The amplification primers along with the internal primers d and e were used for sequencing. Amplification of a longer fragment using primers a-f failed in Rosoideae.
Amplification products were cleaned using Qiagen spin tubes and cycle sequenced using BigDye premix and standard protocols, except that 2 mL premix (diluted to 8 mL) was used per reaction and run out on an ABI automated sequencer. Base scorings were proofread and assembled using the Staden package (Staden 1996) under Linux.
Alignment
All alignments were made manually using the alignment editor Se-Al (Rambaut 1996) on Apple Macintosh computers. The previous ITS alignment was used as a basis for further additions and augmentation of the ITS alignment (Eriksson et al. 1998 ). Here we took a conservative approach regarding ambiguous portions of the alignment and refrained from using some parts that were clearly ambiguous. Alignment was problematic in these regions because of overlapping indels of different lengths or a lack of similarity that could be used as a basis for alignment. In one particular case at the 3 end of the ITS data (positions 1962-1997) , it was possible to align the sequences more or less unambiguously in some groups of species but not over the entire selection of species. This region was therefore removed from the analyses. The following positions were excluded from all analyses: 556-566, 722-728, 1153-1189, 1357-1359, 1409-1414, 1462-1467, 1802-1809, and 1962-1997 . In total, 114 positions were removed. The aligned data set along with the trees published here have been submitted to TreeBase (http://www.treebase.org).
Treatment of Indels
Indel positions were coded "Ϫ" and treated as uncertain data in applicable analyses. Forty-one of the inferred indels were coded as separate binary characters (table 2). We used two criteria for determining what indels to use: the inferred indel should have the same length in all taxa where it was present, and the indel should not overlap ambiguously with other indels of different lengths ( fig. 1 ). The indels were scored for presence (1) or absence (0) of the inferred gap and were added at the end of the data set: 24 from the trnL/F data and 17 from the ITS data. The length of the indels varied from a single up to 147 base pairs.
Phylogenetic Analyses
A modified version of Modeltest 3.06 (Posada and Crandall 1998) was used with PAUP* (Swofford 2001) to select an appropriate evolutionary model for use in Bayesian inference analyses. This particular version (MrModeltest 1.0b; J. A. A. Nylander, personal communication) specifically tests the 24 models available common to PAUP* and MrBayes 2.01 (Huelsenbeck and Ronquist 2001a). The hierarchical likelihood ratio tests selected the General Time Reversible model with gamma distribution of rates (GTR+G) for both data sets (Rodríguez et al. 1990; Yang et al. 1994; Yang 1996) . Estimations of phylogeny with Bayesian inference used the MrBayes program Ronquist 2001a, 2001b) . The data sets were analyzed, separately and in combination, using the model suggested by MrModeltest with the following settings: use six substitution types, estimate base frequencies, allow rates of sites to follow a gamma distribution with four categories, estimate gamma shape. The combined analysis used the GTR+G model for both data set partitions with the rates p option, which allows site-specific rates, but the rates ssgamma within each partition vary as described by a separately estimated gamma distribution. Four chains (Markov Chain Monte Carlo) were run for 1 million generations, and a tree was sampled every tenth generation. The binary indel characters were not included in the MrBayes analyses. The parsimony analyses were conducted using the UNIX version of PAUP* (Swofford 2001) with TBR branch swapping and the MUL-TREES setting on 1000 random addition sequence starting trees. The ACCTRAN option was used for character optimization.
We used three separate measures of node support. Majority rule consensus trees of the trees sampled in Bayesian inference analyses yielded probabilities that the clades are monophyletic (Lewis 2001) . The trees from the MrBayes analyses were loaded into PAUP*, discarding the trees sampled during the "burnin" of the chain (Huelsenbeck and Ronquist 2001b) , and 95% majority rule consensus trees were made. Thus, the trees shown in the figures only contain nodes estimated to have a posterior probability of 0.95 or more. Under the parsimony criterion, we performed bootstrap (Felsenstein 1985) and decay analyses (Bremer 1988; Donoghue et al. 1992) . PAUP* was set to run 10,000 bootstrap replicates, each using TBR branch swapping on a single random addition sequence starting tree, with a single tree saved per bootstrap replicate. Bootstrap results are shown as 70% bootstrap majority rule consensus trees. Decay analyses were performed using AutoDecay (Eriksson 1999) and reverse constraints in PAUP*. Each reverse constraint run was conducted with TBR branch swapping and MULTREES on 100 random addition sequence starting trees. In this article, Bayesian inference clade probabilities are given without prefix, parsimony bootstrap values are percentages prefixed by "b," and decay indices are prefixed by "d." Bootstrap values, widely used as measures of support, have been shown to be conservative measures of clade accuracy probabilities (Hillis and Bull 1993) . In many of their simulations, and in an experimental phylogeny, bootstrap values (proportions) of 70% corresponded to a probability of more or less 95% clade accuracy. Based on this, we have chosen to use 70% bootstrap majority rule consensus trees for comparison with the 95% Bayesian inference trees, a commonly used level for statistical significance. It is our purpose to present the well-supported clades here, and we therefore refrain from presenting the default 50% bootstrap trees, single optimal trees, or strict consensus trees, with the single exception of the tree with branch length estimates ( fig. 5 ).
To compare the total support for the trees, we used a B70 index. This is the proportion of nodes in a fully resolved tree with a bootstrap support of 70% or higher (cf. Sanderson and Donoghue 1996) . For the Bayesian inference trees, we used a Bayes95 index, calculated similarly.
Results
The ITS data set that consisted of 44 taxa comprised 713 aligned DNA characters and 17 binary indel characters. Of these, 59 DNA characters were excluded from all analyses because of ambiguous alignment (see above), and of the remaining, 248 were informative for parsimony analysis. The length of the sequences of ITS including 5.8S varied from 589 bases in Aremonia agrimonioides to 651 in Agrimonia eupatoria. The G+C content was 60%. Of the sequenced positions, 0.7% were scored ambiguous, mainly because of low-quality DNA in certain extractions. In addition to this, 17% of the data set was coded as uncertain (indel positions "Ϫ" or unsequenced positions "?" added for alignment purposes).
The Bayesian inference tree is based on 96,802 trees sampled from chain generations 32,000-1,000,000 ( fig. 2 ). The parsimony analysis found four most parsimonious trees of 1030 steps (consistency index [CI] 0.4942, excluding uninformative characters 0.4422; Kluge and Farris 1969) . The mean CI of binary indel characters was 0.81. An analysis excluding Hagenia, which was lacking from the trnL/F data set, gave trees of 1015 steps. The topologies were the same except for the lack of the node with Hagenia. The support for the node below remained the same after the removal of Hagenia. The 70% parsimony bootstrap tree and the 95% Bayesian tree are fully congruent and differ only in that some clades are collapsed in each of the trees (cf. arrows in fig. 2 ). The B70 index as well as the Bayes95 index is 0.66.
The trnL/F data set comprised 43 taxa with 1297 aligned DNA characters and 24 binary indel characters. Of these, 55 DNA characters were excluded from all analyses, and of the remaining, 281 were informative for parsimony analysis. The , where present, were of the same length but were ad-1 p gaps jacent to other gaps or variable regions; was scored uncertain, 2 p gap with a question mark, where it overlaps with other gap (fig. 1) ; 3 p overlaps with another gap, but it was not considered problematic gap ( fig. 1 ).
sequences varied in length from 881 (A. agrimonioides) to 1122 (Potentilla peduncularis). The G+C content was 33%. Of the sequenced positions, 0.15% were scored ambiguous because of low-quality DNA in a few species. In total, 25% of the data set was coded as uncertain, which was almost exclusively from indel positions.
The tree from the Bayesian inference analysis of trnL/F data alone is based on 94,302 trees sampled from chain generations 57,000-1,000,000 ( fig. 3) . The parsimony analysis found five trees of 718 steps ( , 0.6842, excluding uninfor-CI p 0.7577 mative characters; fig. 3 ). The mean CI of binary indel characters was 0.98. The B70 index is 0.72, and the Bayes95 index is 0.75.
The Bayesian inference 95% majority rule consensus tree from the combined analysis is based on 96,802 trees sampled from chain generations 32,000-1,000,000 (figs. 4, 5). The parsimony analysis resulted in two trees of 1751 steps (CI p , 0.5289, excluding uninformative characters), and the 0.5991 mean CI of binary indel characters was 0.82. These parsimony trees are 18 steps (1%) longer than the sum of lengths of the separate shortest trees. The 70% bootstrap tree from the parsimony analysis (not shown) is almost identical to the Bayesian tree in figure 4. Two nodes with bootstrap 68% and 62% show up (indicated by asterisks in fig. 4 ), and two are collapsed in the Bayesian tree. In terms of total support, both the B70 and the Bayes95 indices are 0.82.
Discussion
The results from the combined analysis ( fig. 4) are congruent with all of the well-supported clades found in the analysis of Eriksson et al. (1998) , and the differences are not strongly supported. The addition here of more taxa and new data does much to improve our understanding of the phylogeny of Rosoideae, and several major clades that were previously weak and tentative are now well supported. A phylogenetic "backbone" of Rosoideae is emerging.
The good support for clades makes it desirable to name them, and the proposed PhyloCode (http://phylocode.org) shows a way to do this in a formal manner that the current International Code of Botanical Nomenclature (ICBN; Greuter et al. 2000) cannot. However, to gain stability and at the same time minimize confusion, where possible we use names for clades that are also consistent with accepted names for ranked taxa under ICBN (cf. appendix).
The close correspondence between the bootstrap trees and the Bayesian trees in both the separate and the combined analyses is remarkable, especially when we take into account that we are comparing two methods of analysis that are very different. One is based on an explicit model of evolution while the other is not. One uses a Markov Chain Monte Carlo approach and the other the Phylogenetic Bootstrap. As Bayesian inference of phylogeny is still a relatively new method, it remains to be seen if the good fit between 70% bootstrap and 95% Bayesian inference trees will be found to be the rule in future studies.
Comparison with Previous ITS Analysis
Compared to the ITS tree published previously (Eriksson et al. 1998) , the new ITS trees have similar topology but better support for basal clades ( fig. 2) . The B70 index increased from 0.42 to 0.66, and the Bayes95 index is also 0.66 for the ITS data. As before, parsimony resolves Rubus to be sister to the 1 Hypothetical example to demonstrate how certain overlapping indels were treated (cf. table 2). The horizontal gap is not problematic because it will be present regardless of the overlap. Hence, it is coded as present (1) in the first binary character. It is not possible to know if the more narrow vertical gap is present or not in the area of overlap. The corresponding taxa are therefore coded with question marks in the second binary character. Fig. 2 Trees from the analysis of internal transcribed spacers data alone. To the left, a 70% majority rule bootstrap consensus tree from the parsimony analysis. Decay indices (prefixed by "d") are found above branches, and bootstrap values are found below branches. To the right, a 95% majority rule consensus tree based on 96,802 trees from the Bayesian inference analysis. All clades shown have estimated probability 1.0 except where indicated. Some nodes discussed in the text are marked by capital letters. Arrows indicate resolved nodes that are collapsed in the corresponding tree. Note that these trees include Hagenia abyssinica, which is not present in figs. 3 and 4.
clade now called Colurieae (Smedmark and Eriksson 2002; clade A in fig. 2 ) with somewhat higher support. The Bayesian analysis gives this relationship low probability. Sanguisorbeae is monophyletic (clade B, 1.0, b84, d4), while it was previously polyphyletic, and Potentilleae is monophyletic as well in the Bayesian tree, but it gets only low support in the parsimony analysis (clade C, 0.95, b42, d1). The Potentilleae clade is divided into two main clades as in the previous tree (Eriksson et al. 1998) . One, Potentilla in the strict sense, is resolved by both parsimony and Bayesian inference, and its support is increased here (clade D, 1.0, b94, d9; cf. node P3 in Eriksson et al. 1998) . Its unnamed sister clade is resolved by Bayesian inference but still has low support in the parsimony analysis (clade E, 1.0, b36, d1). Clade E was resolved in the previous parsimony analysis of ITS, but with very low support. The position of Potentilla anserina and two close relatives is unresolved in both trees. However, in the most parsimonious trees, this group is found well nested within clade E close to Fragaria, but this has almost no node support (b15 or less, d1).
In the previous analysis, the species of Sanguisorbeae with petals (clade F, the "Agrimonia clade," in Eriksson et al. 1998) was found within Potentilleae but with very low support. In the present analysis, this clade is found to be sister to the rest of Sanguisorbeae (not clearly resolved by Bayesian inference). This is in agreement with previous analyses in which preliminary morphological data had been added to the ITS data (Vretblad et al. 1996) .
TrnL/F and Combined Trees
The trnL/F parsimony and Bayesian trees ( fig. 3 ) are fully congruent and differ only in that some clades are collapsed in either of the trees (cf. arrows in fig. 3 ). They are also very similar to the ITS trees, and the main clades are the same except that Rubus is supported by the parsimony analysis to be sister group to clade G (b77, d1) instead of being sister to Colurieae (clade A), as in ITS. Neither of these positions of Rubus gets high probability by Bayesian inference. Also, the clade consisting of Sanguisorbeae + Potentilleae, which is supported in 204 INTERNATIONAL JOURNAL OF PLANT SCIENCES Fig. 3 Trees from the analysis of trnL/F data alone. To the left, a 70% majority rule bootstrap consensus tree from the parsimony analysis. Decay indices (prefixed by "d") are found above branches, and bootstrap values are found below branches. To the right, a 95% majority rule consensus tree based on 94,302 trees from the Bayesian inference analysis. All clades shown have estimated probability 1.0 except where indicated. Some nodes discussed in the text are marked by capital letters. Arrows indicate resolved nodes that are collapsed in the corresponding tree.
the ITS trees, is lacking in both trnL/F trees (cf. clade H in fig. 2 ). Sanguisorbeae as well as Potentilleae are monophyletic with good support (clades B and C). The Sanguisorbeae clade has an internal resolution that is similar to that of the ITS trees, and the nodes are well supported. One of the two main clades of Potentilleae, the clade comprising Fragaria, Chamaerhodos, Alchemilla, Sibbaldia, and various Potentilla satellite species sometimes treated as separate genera (e.g., Comarum, Sibbaldiopsis, Drymocallis, and Dasiphora [clade E]), is well supported in both trees (1.0, b100, d11). 95% majority rule consensus tree from analysis of combined data based on 96,802 trees from the Bayesian inference analysis. All clades shown have estimated probability 1.0 except for three that had 0.99 and are marked by a minus sign. Node support from the parsimony analysis is indicated in the proximity of nodes: decay indices (prefixed by "d") are found above branches, and bootstrap values are found below branches. Some nodes discussed in the text are marked by capital letters. Asterisks denote two nodes that were collapsed in a 70% parsimony bootstrap consensus. Names of clades are shown to the right with brackets indicating the inclusiveness of the clades.
The internal structure within Potentilleae differs somewhat between the trnL/F and ITS trees, but the differences are in general not well supported by one or both DNA regions. See "Clades" for a few exceptions.
The tree from the combined analysis is congruent with the well-supported clades seen in the separate analyses, and support for these nodes increases in the combined analysis (B70 as well as the Bayes95 index up to 0.82). The differences between the separate analyses are resolved in different ways in the combined analysis. The position of Rubus, for example, is the same as in the ITS tree by parsimony but with lower support (b57, d1), and it is still unresolved in the Bayesian tree, while the position of P. anserina and relatives is as in the trnL/F tree, with lower support in the combined parsimony tree (b70, d2) but with a probability of 1.0 in the Bayesian tree.
Clades
The well-supported clade C (1.0, b99, d8) corresponds almost exactly to the tribe Potentilleae sensu Hutchinson (1964) , except that it includes Alchemilla, which Hutchinson included in Sanguisorbeae. The presence of achenes with lateral to basal styles (Wolf 1908 ) may be a morphological synapomorphy for the clade. Eriksson et al. (1998) discussed this clade as a potential candidate for the name Potentilla. However, the clade was only weakly supported in that analysis (b!50, d1), and if given formal genus rank, the current rules of nomenclature would force hundreds of species name changes. Other solutions, assuming a monophyletic taxonomy, would still encompass changes, but less dramatic ones. We therefore attach the name Potentilleae to this clade instead ( fig. 4 ; see appendix for nomenclature).
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The first of the two main clades within Potentilleae, clade E, was weakly supported in the previous analysis (Eriksson et al. 1998) , apparently because of the unsettled position of the Agrimonia clade in that analysis (clade F). The trnL/F data give a strong signal for clade E, and this is further strengthened when the ITS data are added (1.0, b100, d16). This clade was quite unexpected when it was first discovered (Eriksson and Donoghue 1995; Eriksson et al. 1998 ) because it comprised a number of Potentilla species mixed in with several other groups (Fragaria, Alchemilla, Chamaerhodos, and Sibbaldia), and they had never before been suggested to form a group together. The Potentilla species found here have at one time or another been separated from Potentilla, forming, for example, Sibbaldiopsis (Potentilla tridentata), Comarum (Potentilla palustris), Drymocallis (Potentilla arguta), and Dasiphora (Potentilla fruticosa). There are also indications that additional Potentilla species may belong in this clade (T. Eriksson and P. Ö stensson, unpublished data) . We use the name Fragariinae for this clade ( fig. 4) . Within Fragariinae, the position of P. (Drymocallis) arguta is notable because there are supported differences between the ITS tree ( fig. 2 ) and the trnL/F tree ( fig. 3 ). In the ITS tree, P. arguta and Chamaerhodos erecta form a clade (1.0, b77, d3), while P. (Drymocallis) arguta instead joins P. (Dasiphora) fruticosa in trnL/F (0.99, b100, d3). The combined analysis resolves this conflict in favor of the ITS position, but with lower support ( fig. 4 ; 0.99, b65, d2). So far, there are no known morphological synapomorphies for this clade. The "festooned stamens" character is only found within this clade, but the distribution among the species is not yet known in detail (Rydberg 1898; Lindenhofer and Weber 2000) .
The other main Potentilleae clade (I) is not especially well supported, but its major component, clade D, is very strongly supported and comprises most of the more than 300 Potentilla species along with the embedded segregates Duchesnea (Potentilla indica), Horkelia, and Ivesia. It appears probable that additional North American segregates not included here will also join this clade (e.g., Purpusia, Horkeliella, Comarella, and Stellariopsis) . Internally, clade D is resolved somewhat differently in the separate analyses, and a few of these differences are well supported. For example, Potentilla norvegica is sister to Horkelia + Ivesia in the ITS tree (1.0, b99, d8) while it instead joins a clade with Potentilla nivea + multifida + chinensis in the trnL/F tree (1.0, b90, d2). Another example is Potentilla fragarioides, which is sister to the rest of the species in clade D in the Bayesian inference ITS tree while nested further within clade D in the trnL/F trees ( figs. 2, 3) . In this case, the clades are weakly supported in the parsimony ITS tree, but a gap in position 654-655 in the ITS data supports the ITS position of P. fragarioides. This gap is also present in the P. anserina group (clade J). The position of clade J as sister to clade D is well supported in the trnL/F tree (1.0, b90, d4), but it is unresolved in the ITS tree ( figs. 2, 3) . The combined analyses are resolved as in the trnL/F trees but with somewhat lower support in the parsimony analyses (b70, d2), which indicates the presence of some conflicting data. Indeed, the most parsimonious trees of the ITS data analyzed independently put the P. anserina group as sister to Fragaria with very weak support (b14, d1). The problem seems to relate to the rather divergent sequence of P. anserina. When it is removed, an ITS analysis yields a trichotomy of clades D, E, and J, as in the Bayesian inference tree in figure 2 . A combined parsimony analysis without P. anserina shows clade J as sister group to clade D with support slightly increased compared with the trnL/F analysis (b93, d6). Increased sampling may help to resolve the position of the P. anserina group more securely.
We have been using Potentilla in the strict sense for the species in clade D. In order to minimize species name changes, it is reasonable to apply the name Potentilla to a wellsupported clade that includes most of the species now classified as Potentilla as well as the type species. The best candidate is clade D (cf. clade P3 of Eriksson et al. 1998 ). However, the P. anserina clade (J), which may include ca. 50 species (Soják 1994) , has traditionally been included in Potentilla, and it would be preferrable to avoid renaming those species in a separate genus (Argentina). Since clade I is not as well supported as D, we choose a phylogenetic definition of Potentilla that is not dependent on the placement of clade J by not giving direct reference to it (see appendix). Thereby, clade J may or may not be included in Potentilla, as future research will establish. In the light of the best available evidence (the combined analysis), Potentilla includes the P. anserina group, but if additional data show that it is sister to clade E, for example, it will be automatically excluded.
The Sanguisorbeae clade is well supported in all of our analyses (clade B, 1.0, b99, d14), and the tribe Sanguisorbeae has consistently been recognized for a long time (Jussieu 1789; Candolle 1825; Focke 1894; Weimarck 1934; Hutchinson 1964) . There is no support in the molecular data for the inclusion of Alchemilla in Sanguisorbeae, which has been suggested by several authors based on the four-merous flowers and absence of a corolla as in Sanguisorba and relatives (but see Schulze-Menz 1964) . Alchemilla is well nested within Potentilleae, and this is supported by the almost basal position of its styles on the ovules. Most classifications of Sanguisorbeae have included a number of species in which a normal corolla is present (clade F). In previous analyses based on ITS data alone, the connection between the petalous and apetalous groups was tenuous, and Sanguisorbeae often appeared as polyphyletic, albeit with very weak support (Eriksson et al. 1998) . In those analyses, the Agrimonia clade (clade F), i.e., the clade of Sanguisorbeae with petals, could easily "move around" to different branches of the phylogeny without much change in tree length. This was probably caused by the rather divergent sequence of Agrimonia, and it resulted in very low support for many of the nodes and a spurious most parsimonious position of clade F inside the Potentilleae. The addition of just a few morphological characters made a monophyletic Sanguisorbeae more parsimonious (Vretblad et al. 1996) .
In the present analysis, the increased sampling of apetalous Sanguisorbeae gave the same effect, namely, that Sanguisorbeae is monophyletic and now with good support. Forcing clade F into the position that was most parsimonious in the previous ITS analysis results in distinctly longer trees: 11 steps longer using ITS only and 37 steps longer for the combined data set. In the present analysis, the petalous Agrimonia-group forms a clade (F) with very good support in all analyses, and it is sister to the apetalous clade. To this clade belongs Agrimonia as well as the remarkable East African tree Hagenia ( fig. 2 ). Further sampling (e.g., of the Asian Spenceria) will show if this sister-group relationship holds up or if the petalous 208 INTERNATIONAL JOURNAL OF PLANT SCIENCES group is paraphyletic. The sampling among apetalous Sanguisorbeae (clade K) is limited, but it is nevertheless notable that the large and diverse Acaena appears to be paraphyletic. The Andean tree Polylepis as well as the dwarf shrub Tetraglochin (along with Margyricarpus; M. S. Hibbs, unpublished data) seem to be nested within Acaena. This is not entirely unexpected given that Acaena has a wide Austral-Antarctic distribution and is quite variable in fruit and leaf morphology as well as in habit. Apetalous Sanguisorbeae are currently under investigation with a focus on the origin of Polylepis (M. S. Hibbs, unpublished manuscript).
The clade of Potentilleae plus Sanguisorbeae (clade H, 1.0, b97, d6) is another clade in which support is increased. The node was present in the previous ITS analysis, but with low support (b!50, d2). Clade H is well supported by sequence data, but no morphological synapomorphies are known. The reduction in the number of stamen whorls from many to three or fewer superficially seems to mark this clade, but this is probably incorrect (Lindenhofer and Weber 2000) . We use the name Sanpotina for this clade (cf. appendix). The clade one node closer to the root of the tree, comprising Sanpotina plus Rosa, i.e., clade G (1.0, b100, d16), is also better supported compared to previous and separate analyses. This clade, which we name Roperculina, is supported by the presence of operculate pollen (Morgan et al. 1994) .
Many clades received improved support through data-set combination and by adding taxa. Some clades differ between the separate analyses, but support increases for those clades that remain when the data are combined. Such circumstances are probably the result of the presence of phylogenetic signal in one data set that is "hidden" in the optimal tree(s) (Barrett et al. 1991 ). There are a few such clades in our analyses, such as Aremonia plus Leucosidea, but most of them have less than 70% parsimony bootstrap in ITS, and they are collapsed in figure 2 . In a few other cases, one of the clades was favored by the combined analysis, but the support was clearly reduced compared to the separate analyses. Such differences may indicate a real conflict between the data sets, such as hybridization events leading to different nuclear DNA/chloroplast DNA gene trees or lineage sorting events in closely related species. If so, this is an indication of a "local" conflict between the data sets concerning the taxa in question but not necessarily indicative of a general conflict in the data. However, sampling can be an important issue for phylogenetic analyses (Rannala et al. 1998; Rydin and Kä llersjö 2002) , and it may be that these conflicts are simply spurious results caused by the limited sampling, especially within clade I (Potentilla).
The position of Rubus is particularly problematic. In all analyses using Bayesian inference, its position is unresolved. In parsimony analyses, however, chloroplast DNA data favor a position in which Rubus is sister to Roperculina (clade G in fig. 3 ; rbcL tree in Morgan et al. 1994) while ITS data favor Rubus as sister to Colurieae (clade A in fig. 2 ; Eriksson et al. 1998 ). In part, this may be an effect of sampling: when the sampling is increased in Colurieae, Rubus joins Roperculina in analyses of ITS data (Smedmark and Eriksson 2002) . However, when sampling was increased in Rubus, the support for Rubus as sister to Colurieae increased (Eriksson et al. 1998) . Rubus, Fallugia, Geum, and Waldsteinia share a four base pair indel in a region of trnL/F where many gaps overlap (position 886-889, not used as separate character). This gap is somewhat ambiguous but would support the sister group relationship of Rubus and Colurieae, which is contrary to the result from the trnL/F sequence data alone. Because the support values of these clades decrease in the combined analysis when compared to the separate analyses, it seems that there is a conflict in the data sets. The cause of that conflict is not known.
Problems also remain within Potentilleae. In Potentilla (clade I), a better sample of species is needed to alleviate these problems, but it is questionable if the molecular "markers" used here are variable enough to resolve details within such a closely related group. Also, the use of ITS among these groups of Potentilla may be particularly problematic because of the (supposedly) common hybridization (Asker 1971; Sojá k 1986; Yurtsev 1993 ) and consequences relating to ensuing concerted evolution (Wendel et al. 1995; Smedmark et al. 2003) . Several groups of species in Potentilla are apomictic where concerted evolution might be unpredictable (Campbell et al. 1997 ), but this is perhaps only a local phylogenetic problem. However, hybridizations, such as those suggested by Sojá k (1986), of new species resulting from more distant crosses would be a problem if they are shown to be real. Distant crosses, even without the formation of new species, present hard puzzles to solve when using ITS (Alice et al. 2001) . It might be more useful to use a variable nuclear low-copy DNA region, such as introns in GBSSI (waxy), which are less influenced by concerted evolution (Mason-Gamer 2001; Smedmark et al. 2003) .
Some phylogenetic relationships resulting from separate ITS and trnL/F analyses clearly differ within Potentilleae in the present study, and it is possible that these discrepancies are caused by the two DNA regions actually tracking different gene histories. At present, however, our sample is not enough for a detailed investigation.
